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Executive Summary

In late 1994, the Cummins B5.9 Propane (LPG)! Engine Deveopment, Certification, and
Demondration Project was organized by Cummins Engine Company, the propane industry, and The
ADEPT Group. Cummins began engine development in 1995 and continued through 1997, building on
its extensve experience with naturd gas engines, specificaly the B5.9G2. The objective of this project
was to successfully develop and certify an LPG dedicated medium-duty origind  equipment
manufacturer (OEM) engine that could be put into production (see Figure 1). This project was co-
funded by Cummins, the National Renewable Energy Laboratory (NREL), Natural Resources Canada
(NRCan), the Propane Vehicle Council (PVC), the South Coast Air Qudity Management Didtrict
(SCAQMD), and Superior Propane. Severd field-test dtes provided vehicles and daff to hdp
demondrate "fidld-test” and "market-seed" engines3

The foundation for the B5.9LPG project was the B5.9G engine.  The B5.9G deveopment and
certification program began in 1991. It was launched into production in 1994. More than 800 B5.9G
engines are now in sarvice in the United States and abroad. Thisengineis offered by more than 30 bus
and truck OEMs. The B5.9 diesdl version is used worldwide with millions sold since its introduction.

NREL funded two specific project tasks: (1) Task 1-Pre-Certification Testing and Engine Optimization
and (2) Task 2-Cdifornia Air Resources Board (CARB) and U.S. Environmenta Protection Agency
(EPA) Engine Certification. This report describes the conduct and completion of these two tasks.

The following personnd a the below locations conducted dl testing and engine optimization activities

=  Cummins Alternative Fuel Divison Enginesring g&ff in the Cummins Technicd Center (CTC) in
Columbus, Indiana: Vinod Duggd, Jm Branner, J., Mostafa Kamel, Madison Rye, Mike Haub,
Dave Dunnuck, and Jeff Mahon.

=  Engineering Test Services (ETS) fadility in Charleston, South Carolina: Jod Evans.

»  Southwest Research Indtitute (SWRI) staff (lower tier subcontractor) in San Antonio, Texas. Kent
Spreen.

ADEPT served as project manager and administrator of the NREL, PVC, and SCAQMD funds and as
coordinator for one field-test ste. ADEPT support personne included: Alex Spataru, Alina
Kulikowski-Tan, James Hendersen, Jeff Thayer, and Tracy Wilcox.

1 Also known as liquefied petroleum gases (LPG).
2 Natural Gas

3 "Fidd-test" engines were the first prototype engines put into demonstration. "Market-seed" engines were a pre-
production engine where a chassis OEM was involved.



Data for engine optimization were collected from laboratory facilities and from the fiedd. During the
project, Cummins logged more than 9,000 hours on 48 engines in various lab-testing activities and more
than 300,000 milesin the field at 11 Stes. In September 1997, Cummins launched the B5.9LPG into
limited production. In May 1998, the engine was put into full production.

Background

NREL is the fidd manager for the U.S. Department of Energy (DOE) Alternative Fuds Utilization
Program (AFUP), which sponsored the B5.9LPG engine project. AFUP's god is to develop and
advance technology that alows optimum use of dternative trangportation fuels, while complying with
modern congtraints such as reduced vehicle emissons. For dternative fuels to be viable candidates to
replace petroleum-based counterparts, it must be demongtrated that their impact on air quaity will be no
worse than that of existing fuels and preferably show characteridtics that will improve ar quality.

Because of the nation’s continuing concern about air pollution, Congress enacted the Clean Air Act
Amendments of 1990. The act's provisons have forced broad changes in fuels and vehicles. For
example, reformulated gasolines, clean diesdls, and dterndive fuels are recelving wide atention as
industry struggles to comply with the act. Also, to meet ther ar quality sandards, many of the
nonattainment areas (NAAS) across the country will need to increase their use of dternative fuds. Of
the mgor transportation sectors, the medium-duty vehicle sector (e.g. package ddivery vans, large
pick-ups, and shuttle buses) may offer a good opportunity for urban emissions reduction because many
of these vehicles are operated in urban environments. Therefore, additiona research and development
of dternaive fud, medium-duty engines and vehiclesisimportant to DOE and NREL.

DOE projected that there were about 381,000 dternative fuel vehicles (AFVS) in use at the end of
1997. Out of these 271,000 operate on propane. This represents more than 71% of al the AFVsin
the United States. 1n 1997 (in totd gasoline equivadent gdlons) LPG accounted for about 77% of al
dternative transportation fuels used in the United States.

In light of federd and Cdifornia emisson reduction gods, the 1997 B5.9L PG engine certification target
was the EPA Clean Fud Heet Vehicle (CFFV) ultra-low-emisson vehicle (ULEV) cetification and
CARB Optiona Low NOy (see Table 1). The EPA CFFV program applies to fleets of 10 or more
vehicles, which are centraly fuded or capable of being centraly fuded, in the 22 NAAs. For heavy-
duty vehicles (8,500-26,000 Ib gross vehicle weight [GVW]), the requirement is 50% of new vehicles
purchased gtarting in 1999. A low-emission vehicle (LEV) counts as 1.0 credit, whereas an ULEV
vehicle counts as 1.87 credits. Heavy-duty (HD) vehicles greater than 26,000 Ib GVW for these NAA
fleets can generate credits; though not required to as part of this program.

Note that CARB LEV and ULEV emission standards do not gpply to the B5.9L PG engine because it is
not used in gpplications of less than 14,000 Ib GVW. The CARB Optional Low NO, emissonsleves



refer to vehicle gpplications of 14,000 Ib GVW or higher. For 1997 the standard could be from 0-3.5
grams per horsepower-hour (@/bhp-hr) in 0.5 increments (1.5 g/bhp-hr below the current-year NO
emissons limit). For 1998, the standard is 4.0 g/bhp-hr; thus, the maximum optiona low NO is 2.5
g/lbhp-hr. Table 1 givesfurther detalls.

Table 1. CARB/EPA Transient Heavy-Duty Vehicle Emissions Standards

Emissions Emissions Standards Emissions Certification?
(g/bhp-hr) EPA CFFV LEV EPA CFFV ULEV CARB HD® 1997 B5.9L PG 1998 B5.9L PGP
NO, 5.07 22 23
THC 13 0.9 0.8
NO,+THC 3.8 25 31 31
PM 0.10 0.05 0.10 0.02 0.01
CO 155 7.2 155 36 1.0
HCHO 0.025
EPA CFFRV LEV LEV
CARB Low NO 25 25
Introduction

The B5.9G is a sx-cylinder, in-line configuration, four-cyde engine with 150 to 230 hp. The overdl
B5.9 LPG engine development Strategy was to:

Build on the B5.9G engine experience, which uses abase diesdl platform.

Maximize sub-sysem commondity with the B5.9 diesd and natural gas modes (ignition, controls
and air/fud management).

Optimize LPG sub-sysems. (@) fud delivery, (b) power cylinder, (c) combustion performance, and
(d) emissions.

Obtain 1997 CARB/EPA certification.

The engine optimization and precertification testing process included the following dements.

Complete engine functiond specification.

Refine and complete naturd gas engine components modification for LPG and LPG-gpecific
components.

Refine and complete engine software cdibration modifications (e.g., O, sensor).

Sdect and optimize LPG specific items (i.e, oxidation catayst and integra vaporizer/regulator.)

4 96 inches maximum distance from the turbocharger exhaust outlet to the catalyst inlet.
5 EPA (>8,500 Ibs GVW), CARB (>14,000 Ibs GVW)

6 Closed crankcase ventilation system required by 1998 EPA Certification

7 Optional low NO, (0-3.5in 0.5 increments for 1997; 0-2.5 for 1998)




Pre-certification teting and andysis.
Egtablish certification-testing parameters.
Test for performance ranges with HD-5 specification LPG fud.
Test for mechanica development (including vibration, leskage, hydrogtatic, and deformation)
and durability (including 500 and 1,000 hours, and precertification transent emissions).

Figure 1 illudrates the B5.9 LPG engine.
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Figure 1. B5.9 LPG Engine

This engine was designed for use with HD-5 LPG specification fudl. Certification with and without an
oxidation catdyst was planned, though Cummins expected (based on previous work) that a catayst
would be required to meet the total hydrocarbons (THC)? requirement for CARB/EPA. Certification
deterioration factor (DF) tests were not required because Cummins had an approved DF for a spark-
ignited, lean-burn naturd gas engine¥ the B5.9 natural gas, upon which the B5.9LPG was designed.
The DF is the same for a spark-ignited engine family (i.e, B5.9) independent of fue type (compressed
natural gas [CNG], liquefied natural gas [LNG], and LPG). This DF was based on a 1,200-hour
engine test conducted at Cumminsin 1994. The CARB/EPA (40 Consolidated Fuel Research [CFR]
86) certification requirements are as follows.

One cold cycle (1/7 weighted)
One hot cycle (6/7 weighted)
Composite average result
Established DF factor.

8 Thisis an LPG-specific issue because of the chemical structure and hydrocarbon (HC) content of LPG.



In 1997 Cummins conducted forma certification testing on B5.9L PG engines three times with engine
andyss and data optimization between and after each test series:

February 1997 a SwRI: Initid testing did not achieve desired emissons targets.

August 1997 at SwRI: 1997 EPA LEV and CARB Optiona Low NO; certifications were achieved
with an oxidation catdyst.

November 1997: 1998 EPA CFFV LEV and CARB Optiona Low NOy cetificaion were
successful.

The Task Discusson reviews the work conducted in the following sections: Engine Optimization to
LPG, Optimization Refinements Resulting from Fied Experience, Precetification Tedting, and
Certification Tedting.

Engine Optimization to LPG?®
Completion of Functional Specification for B5.9 LPG Engine

The B5.9 LPG is a lean-burn, spark-ignited engine with dectronic management. The engin€'s design
targets for the B5.9 LPG operating on HD-5 LPG were:

195 rated hp at 2,800 rpm and 420 ft-1b peak torque at 1,600 revolutions per minute (rpm)

285 ft-1b a 800 rpm at wide open throttle

ULEV targets (o/bhp-hr) with a catalyst:10 with NOy + THC 2.5; CO 7.2; and particulate matter
(PM) 0.05 (zee Table 1)

Integrated fud handling and ignition subsystems (see Figures 2 and 3)

Engine protection and PC-based diagnostics (see Figure 5)

Engine-mounted controllers

Compression ratio (CR) of 9:1

Maximize parts commonality with B5.9G engine (only 10 new LPG-specific parts)

These targets were met with the exception of emissons (LEV, instead of ULEV) and rated horsepower
speed (achieved at alower speed of 2,600 rpm).

9 There are several references to suppliers throughout the report. ADEPT and Cummins are not presently authorized
to identify them in this report. For further inquiries, please contact Cummins Alternative Fuels Group.

10 A catalyst isrequired for the B5.9L PG to meet the heavy-duty THC standard.



Refinements and Completion of Modified Natural Gas Engine Components for LPG, LPG
Specific Components, and Engine Software Calibration

The B5.9 engine components listed below were added, modified, or optimized (or al three) to the LPG
goplication.

Pigtons

Integral vaporizer/regulator/shut-off vave
Vaporizer coolant hoses

Fuel hoses

Fud assambly housing

Mass flow sensor

Fud metering vave

Engine control module (ECM) software
Engine wiring harness

Catdyst

Two new B5.9G family enhancements were incorporated in the B5.9 LPG engine to maintain parts
commondlity: (1) a high-temperature exhaust manifold!! and (2) a revised fud-metering vave.12 Figure
2 illugtrates the B5.9 LPG subsystemn engine integration, including those items specificdly added for the
LPG gpplication.

COMPRESSOR TURBINE

AIR —)‘ =————————> EXHAUST
Y

P
CHARGE n- WASTEGATE
AR CONTROL

COOLER n-
ENGINE
t CONTROL
MIXER u-

e — i —@— 0 H_pe
LrG PRESSURE GAS B Exhaust System
REGULATOR/ CONTROL B LPG Syst
EVAPORATOR u- ystem
THROTTLE B Air System
n- Air / Fuel System
- B Ignition System
IGNITION

CONTROL

Figure 2. B5.9 LPG Engine Integration
Piston/Combustion Chamber Design

Cummins evauation of the engine operating margins (detonation) indicated a need for increased knock
margin at rated power [195 hp a 2,800 rpm]. This optimization process led to rated horsepower

11 nitially released on the B5.9 diesel engine platform.
12 |nitially released on the B5.9G engine platform.

10



speed change from 2,800 to 2,600 rpm while governed speed was maintained at 2,800 rpm. The
L PG-specific piston was aso redesigned to lower the CR from 9.5:1 to 9:1 (the B5.9G CR is 10.5:1).

Cummins modified the piston compression retio because of the lower octane rating of LPG compared
to that of naturd gas. The piston bowl geometry was modified to achieve a CR of 9:1 while meseting
internal piston design standards. This modification aso expanded the knock margin.  The new piston
was implemented for durability and fiedd-test engine evduation. Operating margin evauation work
continued throughout the certification period.

Engine-Mounted Vaporizer/Regulator - LPG Specific Item!3

The combination vaporizer/pressure regulator design for performance and durability continued to be
optimized with the supplier. Although the supplier produces vaporizer/regulators for other LPG engine
goplications, this effort is B5.9 LPG engine specific because of the engine' s operating requirements (i.e.,
turbocharged and enginemounted). This component was the primary rdigbility concern during
performance and fidd tests. Figure 3 illusgtrates the sequence of fud handling from the vehide tank to
the engine.

Tank . Compressor Out
— Engine Charge-Cooled
Coolant Al
Vapor Ir
......... Gas
1 Gas Metering
'Filter Valve
1
i .
#D?D_’ — — Mixer
o Evapgrator : Gas l
LF',?;J'd Pressure | Pressure i Flow
e Regulator | Regulator ! Sensor Air/Fuel
Mixture
Vehicle Engine
Mounted | Mounted

NOTE: Use Type Il CGA LPG approved hose from vehicle tank to engine

Figure 3. B5.9 LPG Engine - Fuel Delivery Sub-System

Catalyst - LPG Specific Item

Initidly Cummins gpplied the B5.9G cadys to the B5.9 LPG engine. This catdyst did not meet
emissons reduction targets in the first phase of certification testing.  Subsequently, Cummins sdected an
oxidation catays for the B5.9 LPG engine from its current supplier for the C8.3G engine that provided

13 Thisitem was added to the engine for the L PG application rather than amodification of an existing engine part.

11



higher THC reduction efficiency than the B5.9G catdyst. See further discussion in the section entitled
“Certification.”

Cummins demonstrated the capability to meet EPA CFFV/ULEV emisson leves (see Table 1) for the
B59 LPG engine with an oxidation catdyst through preiminary deedy-state and transent
precertification emissonstestsa CTC.

Fuel-Metering Valve Technologies (Vapor Side-Fuel Plumbing)

As a turbocharged spark-ignited engine with single-point gaseous fud injection, the B5.9 LPG engine
requires a minimum fud supply pressure to the engine to reech rated performance. The minimum fue
supply pressure, with margin, was set a 35 pounds per square inch gauge (psig) to the upstream side of
the shut off valve prior to the vaporizer/regulator. This 35-psg requirement was derived from an
evauation of LPG characteridtics at low temperatures, flow-pressure losses through the engine's fud
system, and the need to overcome maximum turbocharger boost pressure rated horsepower for single-
point fue injection.

For a vehicle fud system, saturated LPG tank pressure is a function of temperature. In cold-weather
operation, atemperature could be reached where the fuel supply pressure to the engine cannot meet the
35-psg requirement (see Figure 4). At such temperatures, ddivery of liquefied LPG in the engine
affects the engine fud supply and, therefore, engine performance. Because engine block water is used
to vaporize the fuel, cold weather operation required specia equipment such as heating blankets or a
vehicle fud sysgem with a pump. 14 The shaded region in Figure 4 highlights the region between
minimum pressure supplied by the pump (35 psig line) and the LPG saturated pressure/temperature
curve.

Vehicle and laboratory cold-westher startability testst> at CTC demonstrated the capability of providing
35-psig minimum LPG supply to the engine. In March 1997, the engine started successfully a

32°F minimum ambient temperature, with an unpressurized vehicle fud system
10°F ambient temperature, with an engine block heater and an unpressurized vehicle fud system
-10°F ambient temperature, with a pressurized vehicle fud system.

In April 1997, further vehicle and laboratory cold weather startability tests demondtrated the capability
of successfully providing 35-psg minimum LPG supply at

32°F minimum ambient temperature, with an unpressurized vehicle fud system
5°F ambient temperature, with engine block and oil pan heaters and an unpressurized vehicle
fud sysem

14 For the B5.9L PG, the L PG must be sustained in a gaseous phase. Asillustrated in Figure 4, cold weather
conditions can cause a bi-phase fuel condition that would affect engine performance. Thisisapropane specific
issue.

15 The CTC facility uses dedicated refrigerated test cells for cold temperature startability and performance tests.

12



-17°F ambient temperature, with a pressurized vehicle fud system; engine warm up at idle was
required to assure full rated power capability.

There were two reasons for the expangon in the test temperatures threshold: (1) the addition of an ail
sump hester allowed a cold start of the engine at even lower temperatures, and (2) the discovery that
the engine would start a ambient temperatures between -17°F to 10°F, but could not operate at full
rated power. Additiona cold-westher tests, which confirmed these test results, were conducted in June
1997.

Cummins held a medting with a propane vehicle fue system supplier to discuss the cold-weather
requirements for the lean-burn, turbocharged B5.9 LPG engine. This supplier manufactured a
pressurized vehicular fuel tank system that would meet the 35-psig liquid fud supply requirement to the
engine. A prototype of this system was used for Cummins cold-wegther testing for a pressurized
vehide fue sorage system.

100 T 1
1 I /
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Figure 4. Vehicle LPG Tank -- Cold Ambients Effect!?
ECM Software Recalibration

Engine operating margins evauation work resulted in a requirement to lower pesak rated horsepower
speed (2,600 rpm) while maintaining governed speed at 2,800 rpm. The ECM software cdibration
was revised to tailor to optimum LPG operation. Components that required software table modifications
were

Airffud ratio

Ignition timing

16 For the B5.9L PG, the L PG must be sustained in a gaseous phase. Asillustrated in Figure 4, cold weather
conditions can cause a bi-phase fuel condition that would affect engine performance. Thisisapropane specific
issue. Previously used strategies to address thisissue include on-board heating of the fuel.

17 Pressure assist refers to the use of apump to deliver fuel versus an unpressurized fuel system.

13



Rated speed
Turbocharger boost pressure
Gas flow sensor.

The tasks for ECM software development included

Concept engine controls

Development engine controls

Optimization of performance and emissons
Production engine controls.

Figure 5 shows the ECM/ignition control module (ICM) interface and the various functions and sub-
system controls.

This rated horsepower speed change and the piston revison implemented last spring provided the
required detonation margin at rated power (based on validation tests conducted at CTC). The software
cdibraion revison was downloaded into the ECM of dl fidd-test and market-seed units, with no
problems reported to date.

TURBO BOOST TURBO BOOST IDLE / PTO
MIXER CONTROL VALVE ACTUATOR CONTROL
COMPRESSOR OUT
CHARGE-COOLED —» g > ~
AIR h
A AIR/FUEL
MIXTURE

I THROTTLE POSITION

GAS
METERING [
VALVE 4

4/I ENGINE TIMING
ENGINE
GAS FLOW EJ\ CONTROL ‘\I INTAKE PRESSURE &
SENSOR MODULE TEMPERATURE
CM 420 \ BOOST PRESSURE
A
GAS FILTER EJ
Bl cooLanT TEmPERATURE
IGNITION
PRESSURE MODULE EXHAUST OXYGEN
REGULATORS ;
& EVAPORATOR ¥COIL PACKS ] pc-saseD DiaGNOSTICS
SHUTOFF
VALVE Y -

B

RN

Figure 5. B5.9 LPG Engine Electronic Control Sub-System
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Engine Optimization and Refinements Resulting from Field Experience
Engine Software Algorithm

In March 1997, one field-test issue required software agorithm testing to vaidate a solution.  All five
LPG bobtall trucks engines stdled occasondly in the fidd after completing power take-off (PTO)
operation for off-loading LPG fud while the engine was at 1,000 rpm. A temporary fix was provided
during engine operation (modified driver procedures before and after PTO operation). The modified
drivers procedures included pressing the accelerator to increase the engine speed above idle speed
before engaging in PTO.

Subsequently, an ECM  software revison was vaidated in the laboratory and provided a permanent
solution to engine sdling.  The revison was downloaded into the engines ECM in LPG bobtail
goplications.

Other Data Collected from the Field

Oil consumption data and andyssfor the fidld-test vehicles showed equd results to fleets operating the
B5.9G 195-hp engine. Cummins anticipated this outcome because the hardware affecting oil
consumption is identicad for both engine versons. No problems were found with wear metds,
contaminant metas, additive metals, non- metallic components, or lube fluids.

B5.9 LPG engine shutdowns were observed in the fidd. These shutdowns were corrdated with the
following conditions: voltage drops in the ECM/ICM, failure of the regulator vaporizer, and front-cover
and rear-cover gasket falure. Anaysis of these occurrences is ongoing. Detall at alater date may be
obtained from the Alternative Fuels Divison of Cummins Engine Company. In the ECM/ICM voltage
drop incidences there gppear to be eectric system ingabilities and faulty wiring. Also, voltage swings
are experienced in the trangt shuttle gpplication itsdf.18

Pre-Certification Testing

From July 1997 to August 1997 two preproduction B5.9 LPG engines were subjected to pre-
certification tests (deady-date emissons), performance and emissons optimization, and constant
volume sampling (CVS) trandent emissions andyds. These tedts, in addition to fidd-test vehide
performance (driveability) tests, served to optimize the engine for limited production, scheduled for the
third quarter of 1997. All precertification tests were conducted a CTC.

Performance, durability, and fidd-test engine data were used to develop an optimum performance and
emissons basdine for optimization based on both steady-state and CV'S trangent emissons tests.
Enhancements were vaidated in the laboratory on the performance and durability of the engines, as well
asin vehidesviafiedd tes engines.

18 For further detail please contact the Alternative Fuels Group of Cummins Engine Co.
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All testing was conducted on HD-5 specific LPG. The LPG had the following component percentages:
94.6-95.8% propane, 0.3-0.8% propene 0.4-1.6% iso-butane, and 0.1-0.2% n-butane. A contract
propane marketer that supplies LPG fud for Cummins CTC forklifts supplied the HD-5 specification
fud. Cummins qudified the contents of the fud in a CTC laboratory andyss. The HD-5 fud

specification isshown in Table 2.

Table 2. Propane Gas (HD-5) Fuel Specification

Constituents Requirement Test Method
Propane, volume % 90.0 Minimum ASTM D 2163
Propylene, volume % 5.0 Maximum ASTM D 2163
Butane & Heavier, volume % 2.5 Maximum ASTM D 2163
Hydrogen Sulfide Pass ASTM D 2420
Total Sulfur, ppmw 123 ASTM D 2784
Oxygen, weight % 0.5 Maximum ASTM D 1945
CO, +N, 3.0 Maximum ASTM D 1945

(Note: Cdifornia specification for propane is 85% min. by volume)
An area of focus was the evauation of combugtion operating margins for rated power of 195 hp.
Adequate knock margin was not initidly achieved. Engine performance and combustion optimization

work increased the detonation margin a rated power while preserving engine performance targets.
(See Figure 6 and the Pison/Combustion Chamber Design discussion.)

As part of preparing for certification testing Cummins conducted the following tests.
1. Mechanicad deveopment testing included

Vibration

Leak

Hydrodtdtic.
2. Peformance development tests included

500-hour "hot box™" (elevated system temperatures)

500-hour thermd cycle
500-hour hot endurance.
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3. Additiond development tests conducted

1,000-hour peak power overload
250-hour overload
250-hour idle speed.

For performance development tests, the cylinder head was instrumented for dynamic in-cylinder #1
pressure measurement for some of the performance and development engines. The engine was aso
insrumented for the following parameters

-Engine spead -Fud temp -Fud pressure

-Torque -Intake temp. -Intake pressure
-Throttle postion -Exhaugt gas oxygen -Turbine inlet temp.

-Fud flow -Air flow -Turbineinlet pressure
-Blowby pressure -Exhaust port temp. -Exhaust port pressure
-Compressor out-pressure -Compressor outlet temp.

A Cummins proprietary high-speed data acquisition system was used in conjunction with the in-cylinder
pressure transducer to andyze:

-Combustion duration -Codfficient of variance
-Rate of combustion -Start of combustion.

The tendency for knock and misfire and the engine heat release were evauated using this engine data
and to calculate:

-Airffud rdio -Power
-Brake specific fuel consumption (bsfc) -Thermd efficency.

Cummins ingpected the test engines for pitting, scuffing, aorason, and excessve wear through visud
ingpection and micromeasurement and found no problems. Areas under inspection for wear were found
to be within base engine specifications. In these development areas a variety of data-based andyses
were compared to results for the B5.9G and diesd engines usng Cummins internad dandards. No
major issues were raised during these tests.  Some of the mgior components analyzed for reliability and
durability were:

-Cylinder head and overhead -Spark plugs

-Fud handling sub-system -Turbocharger

-Crankshaft and bearings -Camghaft and bearings

-Ignition subsystem -Other base diesd/naturd gas components.

-Power cylinder
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Figure 6 illugtrates the find performance curve resulting from the above testing and optimization. The
dash line denotes stoichiometric gasoline L PG conversons torque peek capability of smilar rated HP.
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Noise Testing

As part of its engine development program (but not part of the NREL project contract) Cummins
conducted engine noise testing. A one-meter free-field noise measurement, per SAEJ1074, showed a
ggnificant noise reduction aong the full-load torque curve in comparison to a B5.9 diesdl (see Figure 7).

Certification Testing

The three certification tests will be described as Phases I-111.

Cummins sdected SwRI as the testing subcontractor based on an established and successful history
with SWRI and because the CTC test facilities are not EPA-certified for testing spark-ignition engines
The team that conducted and completed the certification program included the following members:

Cummins: Vinod Duggd, Jm Branner Jr., Mostafa Kamel, Jeff Mahon, and Dave Dunnuck.
SWRI: Kent Spreen.

Tests conducted at SwRI were completed in atest cdl equipped and cdibrated to perform the EPA
Heavy-Duty Engine Trandent Federd Test Procedure CFR 40 No. 86. The LPG test fud had the
following components: 94.3% propane, 3.8% propene, and 1.9% n-butanel® No testing was
conducted without a catalyst.

Cummins did not conduct a DF test on the B5.9 LPG engine because there was an approved DF for
the B5.9G. The premisefor DF testing isto determine how various hardware and controls will
deteriorate over aperiod of useful emissonslife. The natural gas engine DF can be gpplied to the B5.9
L PG engine because the combustion processes, hardware design, and control principles are the same
for both engines. The engines differ in the amount of fuel usad, timing of combustion, and compression
ratio or burn rates. The natura gas and LPG engines share the same ignition systems, fuel handling,
air/fue ratio control hardware, logic and control subsystems. The cataytic converters both include the
same wash coat (cataytic surface), dthough the LPG engine catalyst is larger for the greater surface
area needed for total HC control instead of only NMHC required for natural gas engines. This DF was
based on a 1,200-hour enginetest. The DF for the B5.9LPG engine is shown in Table 3.

19 For information about test fuel sources contact the Alternative Fuels Group of Cummins Engine Co.
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Table 3. B5.9 LPG Engine Deterioration Factor

Pollutant EPA CARB
DF DF
NO, 1.007 1.007
THC 1.000 1.000
CO 13.935 13.935
PM 1.000 1.000

The DF for carbon monoxide (CO) is rddively large because the CO emissons out of the oxidation
catdys are extremdy low. At suchlow CO leves, measurement variability is high, and smadl changesin
emisson levels created a steep dope for the DF analyss. DFs are based on the dope of catayst
deterioration over time which, in the case of CO, resulted in ardatively high DF.

Phase I

The certification B5.9 LPG engine was built a the Cummins Rocky Mount, North Caroling, plant to
utilize the manufacturing process sysem prototyping (e.g., cusomer order entry, engine assembly,
software download, and engine test). The 120-hour certification-conditioning tet of the engine and
oxidation catayst was completed at CTC. Subsequently, the engine was shipped to SwRI where an
engine control problem (i.e., excessive vibration of the fud control vave) occurred during preparation
for emisson certification testing. The engine was shipped back to Cummins for further troubleshooting.

The certification test was rescheduled after successful testing a&¢ Cummins.  The engine control problem
reoccurred a SwRI. Further trouble-shooting by Cummins staff e SwRI reveded that a solid-engine
test cel mounting arrangement a SWRI caused excessive vibrations, which induced the fud-system
control problem. Soft-mounting of the engine in the SWRI test cdl resolved the excessve engine
vibration of the fuel control valve. The certification test was rescheduled and completed in February
1997. The reaults indicated that the B5.9 LPG engine with the catalyst failed to meet CARB/EPA
heavy-duty certification because of THC emissons (1.3 g/bhp/hr).

Cummins rescheduled a second certification test for July 1997 once they completed a thorough
emissons falure andyds, combudion operaing margins evadudion and performance/emissions
optimization at CTC. Data andlyssto understand certification test failure was conducted from March to
June 1997. It reveded that:

The engine was out of the rated power production specification (>5% limit), thus producing higher
than expected THC.

The engine catayst was located too far from the engine exhaust outlet, resulting in reduced catayst
THC effectiveness.

LPG fud caused higher THC emissions than naturd ges.
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A CARB/EPA emissions certification plan for the second series of certification testing was prepared in
April 1997 (see Appendix 1).

Cummins continued to optimize emissons and performance to assure NO, and THC emissons met
EPA CFFV targets. Because of SWRI test-cdl availability condraints, certification testing was delayed
until August 1997.

Phase 11

In July 1997, transent emissions tests conducted at CTC showed capability of meeting EPA CFFV and
CARB Optiond Low-NO, emisson levels with the latest production verson of the B5.9 LPG.
Cummins reduced the maximum catalyst distance from the turbocharger outlet from 155 inches to 96
inches for cold start HC reduction. The second certification test with a production B5.9 LPG engine
was scheduled for August 1997 at SWRI. Two changes were gpplied to the B.9 LPG engine: (1) the
CR was changed from 9.5:1 t0 9.0:1, and (2) the B5.9G catayst was replaced with the C8.3G catayst.

In August 1997, the 120-hour engine and catalytic converter conditioning test for certification was
completed at ETS. Subsequently, the second engine CARB/EPA emissions certification tests were
completed at SWRI. These tests were conducted on a production B5.9LPG engine, which included
ECM software cdibration revison, described earlier.  Cummins submitted its applications for 1997
CARB and EPA emissions cetificates. The certification data, with deterioration factors and the
regulated EPA CFFV emission standards, are described in Table 1.

(g/bhp-hr)

OEPA CFFV 10 15.5
B EPA CFFV .
0 B5.9-195LPG w/ Catalyst

3.8

2.3 . 7.2

NOx NOx + THC PM co

Figure 8. 1998 B5.9 LPG EPA CFFV Certified Emissions
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In September 1997, Cummins received the EPA CFFV LEV certificate for the B5.9 LPG engine with a
catalytic converter (see Appendix 2 for documentation). The B5.9 LPG was the first dedicated heavy-
duty spark-ignited LPG engine to receive EPA CFFV LEV cetification. Cummins target for this
program was the EPA CFFV ULEV sandard. A LPG engine must certify to a tota hydrocarbon
(THC) emisson levd while a naturd gas engine has the advantage of certifying to a non-methane
hydrocarbon (NMHC) emission level.

In October 1997, Cummins received the CARB Optiona Low NOy (2.5 g/bhp-hr) certificate for the
B5.9 LPG engine with a catalytic converter (see Appendices for documentation). The B5.9 LPG was
the first dedicated heavy-duty spark-ignited propane engine to receive the CARB Optiona Low NO,
cetification. Cummins planned to recertify the B5.9 LPG engine with close crankcase ventilation
system (CCV'S) to 1998 EPA CFFV and CARB Optiona Low NO, standardsin 1997.

Phase 111

In November 1997, Cummins completed the emission certification 120-hour conditioning tests at ETS
on the B5.9 LPG engine with a production CCVS catadys. This is an EPA requirement for 1998
certification for heavy-duty spark ignited engines and was not part of the NREL funded contract.
Subsequently Cummins completed the 1998 EPA and CARB emissons certification tests at SWRI for
the B5.9 LPG engine with CCVS. Cummins received emission certification from EPA and CARB for
1998 in December 1997. These results are shown in Figure 8 in comparison to the EPA CFFV ULEV
and LEV gandards, and in Figure 9 in comparison to the diesdl engine. See Table 1 for the test results
with DF.
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Figure 9. 1998 B5.9 EPA HD Certified Emissions
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Project Promotions

Throughout the project, ADEPT and Cummins promoted the project on various fronts. Beow isalist
of media articles about the project (See Appendix 3 for full text of articles))

Passenger Transport atide entitled: “San Antonio System to Add 283 New Vehicles by 2002,
March 1998.

Butane Propane News aticle, re: City of Pasadenafidd ste, June 1997.

School Transportation News, article “ Propane Gas Bus Popularity Increasing in Texas,” August
1997.

Cummins B5.9L PG engine press release (November 1997).

Excerpt from AQMD Annua Report 1997.

Cummins and PVC jointly sponsored a campaign to display the B5.9 LPG engine at various events
around North America. The events are listed in chronologica order

Technicd presentation and engine display at the Propane Vehicle Magazine Conference (Orlando,
FL) February 2-4, 1997.

Engine display a the Midwest LPGA Trade Show (Indianapolis, IN) March 8-10, 1997.
Ottawa Truck Commando 30-yard spotter with engine display a the Truck Maintenance Council
Show, March 1997, then transferred to a Los Angeles deder for customer demondtrations.
Engine display at the Southeast Nationd Propane Gas Association Trade Show (Atlanta, GA),
April 6-8, 1997.
Engine and Suburban FL70 B5.9LPG fidd-test truck display a the Western LPG Trade Show
(San Diego, CA), April 24-26, 1997.
Technica presentation and B5.9LPG engine display at the Windsor Alternate Fudls Conference
(Windsor, Ontario, Canada), June 8-10, 1997.
Engine display at the Oklahoma Pupil Transportation Conference (Oklahoma City, OK), June 8-
11, 1997.
Engine and demondiration vehicle display at the DOE Clean Cities (CC) Conference (Long Beach,
CA), June 25-26, 1997.

Engine display at the DOE CC Regiona Conference (St. Louis, Missouri), July 30, 1997.
Engine display a Southwest Propane Gas Trade Show and Convention (Ddlas, TX), August 19-
20, 1997.

Engine display at the DOE Regionad CC Conference (Atlanta, GA), September 4, 1997.
Engine display at the NPGA Trade Show and Convention (Providence, RI), September 26-28,
1997.
Engine display a the Nationd Association of Pupil Transportation (school bus) Conference
(Indianapoalis, IN), November 4-5, 1997.
Technical presentation a the SCAQMD Technology Advancement Office Conference, December
4, 1997.
Technica presentation and engine display at the Propane Vehicle Magazine Conference, February
11, 1998.
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Engine display at the Southeast21 L PG Conference (Atlanta, GA), April 5-7, 1998.

Engine display a the Midwest LPG Conference (Indianapalis, IN), April 25-27, 1998.

Engine display for the Southwest LPG Conference (Ddlas, TX), May 11-12 1998.

Technical presentation and engine display for the DOE CC Conference (Washington, D.C.), May
31-June 3, 1998.

ADEPT and Cummins worked jointly to promote the use of the engine a additiond Stes. In Texas
three Stes are in development. Many more have started throughout the United States, Audtrdia, and
Mexico as aresult of Cummins promotions. Table 4 shows the sites that have B5.9 LPG engines in use
or on order.

Project Conclusions
This project was successful in that it resulted in an dternative fud engine product that has the following
attributes:

Competitive fuel economy?2

PC based diagnostics (INSITE software)

Minimum engine life to overhaul of 300,000 miles?3

Two year warranty with unlimited milesge

CARB/EPA emissions warranty for five years or 100,000 miles with and without a catdys. (LEV
levels with catdys only).

B5.9 LPG offered by the following OEMs. Champion, El Dorado, Freightliner, Hoist, Ottawa,
Spartan, and United Tractor.

The engine optimization and precertification tests for the B5.9LPG project were completed and met the
EPA LEV and CARB Optiond Low NO certification standards. Asillusrated in Tables 1 and 3 and
Figures 8 and 9, the PM and CO emissions are very low, with NO, emissons subgtantidly low. The
ULEV emissons target was not met due to the chalenges of higher levels of totd HC. In addition to HC
content, LPG's high heat of combustion may yidd higher emissons. Oxidizing catdysts will continue to
be required to meet increasingly sringent emisson stlandards. A heavy-duty LPG spark-ignited engine
must meet a THC requirement whereas the natural gas engine is required to meet a NMHC standard.
Cummins met the other B5.9LPG program deliverablesB5.9L PG engine shutdowns were observed in
the fidd. These shutdowns were corrdated with the following conditions. voltage drops in the
ECM/ICM, falure

21 Both ADEPT and Cummins conducted the presentation.

22 per Cummins’ comparisons to light-duty gasoline engine L PG conversions. Field test data, from Suburban
Propane, shows 1.75-2.0:1 fuel consumption advantage of B5.9L PG vehicles versus L PG conversion vehiclesin
similar duty cycles.

23 Enginelife to overhaul is based on the expected life of the bottom-end components — crankshaft, camshaft,
bearings, etc. for which 300,000 milesisthe expectation. Although B5.9L PG engine experienceislimited, Cummins
L10G enginelife experience lends to their expectation that B5.9L PG engine life will be longer than with diesel. Thisis
predominantly due to the lack of soot or fuel in oil and lower thermal cycling of the engine over the operating range.
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Table 4. Sites with Cummins B5.9 LPG Engines in Use or On Order
OEM/User Field Tests

Customer Location OEM Application Qty Status (Miles)
Suburban Propane Sacramento Area Freightliner FL 70, LPG Bobtail 4 38,200 - Unit #1
Repowers 53,200 - Unit #2
45,500 - Unit #3
36,400 - Unit #4
Superior Propane Toronto, Canada FL 80 — Repower L PG Bobtail 1 33,300
Western Transit Pinole, CA Thomas, Repowers Shuttle Bus 2 56,700 - Unit #1
63,000 - Unit #2
Total:7
OEM/User Market Tests
Customer Location OEM Application Qty Status (Miles)
Delta Liquid Energy Paso Raobles, CA Freightliner FL 70 LPG Bobtail 1 9,700
City of Pasadena California Bluebird Q Bus, Shuttle Bus 2 27,100 - Unit #1
Repowers 12,300 - Unit #2
UPS Minneapolis, MN Ottawa Truck Y ard Spotter 1 In Service
Ranger Die Casting Lynwood, CA Freightliner FL 70 LPG Bobtail 1 9,000
Total:5
Limited Production
Customer Location OEM Application Qty Status (Miles)
Allegheny Steel New Castle, IN Hoist Lifttruck MD Forklift 1 In Service
Allied Signal Albuquerque, NM Ottawa Truck Y ard Spotter 1 In Service
Automotriz Uribe Mexico City Freightliner FL70 Regional Delivery 1 In Service
City of Santa Rosa California Freightliner FL70 Regional Delivery 1 In Service
CC Ind. School Dist. Corpus Christi, TX Blue Bird, Repower School Bus 1 Planned
CC Regional Transit Corpus Christi, TX Champion/Spartan Shuttle Bus 6 On Order
CC Regional Transit Corpus Christi, TX Repowers Shuttle Bus 3 1 On Order
Delta Liquid Energy Paso Robles, CA Freightliner FL70 L PG Bobtail Deliv. 1 Operational
Elgas Australia Freightliner FL80 Regional Delivery 1 Operational
FEMSA (Coca Cola) Mexico City Freightliner FL70 Regional Delivery 1 In Service
Garber Post Montgomery, IN Ottawa Truck Y ard Spotter 1 In Service
Kleenheat Gas Australia Freightliner FL80 Regional Delivery 1 Operational
LA DoT Los Angeles, CA El Dorado Shuttle Bus 30 30 In Service
LA DoT Los Angeles, CA El Dorado Shuttle Bus 17 On Order
L.A. Murphy Australia Freightliner FL80 Regional Delivery 1 Operational
Northwest Trek Tram | Tacoma, WA AAI-ACL/Spartan Shuttle Bus 2 Engines Installed
Oneil Gas Choudrant, LA Freightliner FL70 L PG Bobtail Deliv. 4 Planned
Paratransit Sacramento, CA Thomas Repowers Shuttle Bus 2 Planned
Solar Turbines San Diego, CA United Tractor Yard Tug 1 In Service
UPS Minneapolis, MN Ottawa Truck Yard Spotter 4 In Service
Various Customers Not Available Ottowa Truck Y ard Spotter 8 2 Engines Shipped
Various Customers Not Available Freightliner FL70 Not Available 3 On Order
VIA Transit San Antonio, TX Trolley Shuttle Bus 15 Planned
VIA Transit San Antonio, TX Champion/Spatan Shuttle Bus 66 On Order
VIA Transit San Antonio, TX Chance Coach Trolley 5 Planned
Western Propane Santa Maria, CA Freightliner FL70 L PG Bobtail 1 Operational
Western Transit Pinole, CA Thomas, Repowers Shuttle Bus 2 In Service
White River Dist. TBD Freightliner FL70 LPG Bobtail Deliv. 1 Planned
Total: 181
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of the regulator vaporizer, and a front-cover and rear-cover gasket failure. Analysis of these occurrencesis ongoing.
Detail at alater date may be obtained from the Alternative Fuels Division of Cummins Engine Company.

In light of the HD-5 fud specification, regular fuel testing by fleet operatorsiis criticd. Maintenance of
HD-5 fud qudity is a requirement of B5.9 LPG warranty service. Even though dl the LPG suppliers
involved in this project made efforts to ensure HD-5 compliance, fied-testing indicated a wider range of
fud quadity was supplied.

Additiona research and development are recommended in the following aress:

EPA CFFV ULEV capability

Wider range fuel cgpability for combustion, performance, and emissons

Parts supplier research and development to increase performance and durability of LPG specific
parts

Regulator vaporizer issues remain to be completely resolved

An octane sensor could help further LPG engine design. Such a sensor, as part of ECM contral,
can advise actud fue qudlity of the charge about to be introduced in the combustion chamber (an
engine with known octane value input to its ECM dlows for the option to adjust certain combustion
control parameters like air/fud ratio or ignition timing, or both). Thus the engine can be more
tolerant of abroader range of LPG fudl.

On-board fuel supply sub-systems and components require further research and development. For
ingtance, an accurate LPG fud level gauge is needed.

Additiona marketing/promotion activities are recommended to:

Increase the number of OEMss offering the engine.
Increase awareness of this engine s availability on international markets.

In summary, this project was a success in that it fostered an engine that met engine performance targets
while ggnificantly reducing emissons.  The engine development program illuminated critical design
differences between naturd gas and LPG engines. Further research and development is needed for
L PG-specific components provided by outside suppliers.

In its first year of production, Cummins has received dmost 200 orders. Warranty service experience
for this engine will not be known for some time but is expected to be amilar to the B5.9G engine.
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CMMNS359
Cummins 6B Propane Engine Development, Certification &
Demonstraton Project

ARB / EPA EMISSION CERTIFICATION PLAN

Page 1 of 3

Below is the proposed emissions certification plan for the Cummins 6B Propane Engine
Development, Certification & Demonstration Project. The technically accurate name of
the 6B LPG engine is the BS.9L LPG engine. For brevity and to reflect common usage,
the 6B LPG name is used. Propane, or liquefied petroleum gases, is referred to as LPG.
Please note that the timeframe is fluid and that there may changes based on the actual
progress of certification testing and approval.

PARAMETERS:

Proposed Certification: Certification tests of the 6BLPG engine are planned per the
requirements specified by the California Air Resources Board (ARB) and U.S.
Environmental Protection Agency (EPA) for testing and application.

Fuel Specification: This engine is designed to use LPG that complies with the HD-5
LPG vehicular fuel specification. This specification requires a minimum of 95% LPG
content within the fuel.

Catalyst: As initially proposed, certification with, and without, a catalytic converter was
anticipated. However, based on previous work, it is expected that an oxidation catalyst
will be required to meet the total hydrocarbons (THC) requirement for ARB / EPA
requirements.

Deterioration Factor: Certification deterioration factor (DF) tests will not be required as
Cummins already has an approved DF for a spark ignited lean-burn engine. This DF was
based on a 1,200 hour engine test.

Emissions Targets: The 6B LPG engine certification targets are the EPA Clean Fuel
Fleet Vehicle (CFFV) ultra low emission vehicle (ULEV) and proposed 2004 ARB / EPA
Heavy Duty emission levels. Please refer to the following table.

The EPA CFFV program applies for fleets of 10 more vehicles which are centrally fueled,
in the 22 non-attainment areas (NAA). For heavy-duty vehicles (8,500-26,000 gross
vehicular weight [GVWRY]), the requirement is 50% of the new vehicles purchased
starting in 1998. A low emission vehicle (LEV) vehicle counts as 1.0 credits and a
ULEYV vehicle counts as 1.87 credits. Heavy-duty vehicles (over 26,000 GVWR) for
these NAA fleets can generate credits though there are not required to as part of this
program. Note that ARB LEV and ULEV emission standards do not apply to this engine
since it is used in applications over 14,000 GVWR.
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Cummins 6B Propane Engine Development, Certification &
Demonstraton Project

ARB / EPA EMISSION CERTIFICATION PLAN

Page 2 of 3

ARB / EPA Transient Heavy-Duty Engine Emissions Standard Table
g/bhp-hr (g/kW-hr)

1996 ARB/ 1998 ARB/ 1998 EPA A 1998 EPA 1998 EPA 2004

1998 EPA EPA Heavy-Duty Heavy-Duty  Heavy-Duty ARB/EPA

Urban Bus  Heavy-Duty CFFVLEV CFFVILEV CFFV ULEV Heavy Duty
NOx 4.0 (5.36) 4.0 (5.36) 4.0 (5.36) 4.0 (5.36) 4.0 (5.36) 2,027
THC 1.3 (1.74) 1.3 (1.74) 1.3(1.74) 1.3 (1.74) 1.3(1.74) 054 (0.7)"
PM 0.05 (0.07) 0.10 (0.13) 0.10(0.13) 0.10 (0.13) 0.05 (0.07) 0.10(0.13)
Cco 155(20.8) .15.5(20.8) 15.5(20.8) 14.4 (19.3) 72(9.7) 15.5(20.8)
HCHO - - 0.050 0.025 -

T Assumed THC limit is about 90% on NMHC limit.

TIMEFRAME:

Item Target

Performance and Emission Optimization:
- performance engine builds 10/96-3/97
- test cell R&D engine work
- vehicle drivability evaluation
- steady- state emissions testing baseline
- CVS transient emissions testing baseline
- repeat above procedure as required
- test pre-certification limited production engine builds

Plant Build/ Test of Certification Engine: 4/97 - 5/97
- certification limited production engine build
- 120 Hour Conditioning Cycle Test at Cummins ETS Facility

Engine Emissions Certification Test: 5/97
- per ARB / EPA (40 CFR 86) certification requirements; in general, this involves:
- one cold cycle (1/7 weighted)
- one hot cycle (6/7 weighted)
- composite average result, and
- apply established DF factor
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Submit 1997 Certification Requests to ARB / EPA: 6/97

Award of Certification from ARB/EPA: 7197
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State of California
AIR RESOURCES BOARD

EXECUTIVE ORDER C-86-7S
Relating to Experimental Permits
¥or Vehicle Emission Control Devices

CUMMINS ENGINE COMPANY, INC.

Pursuant to the authority vested in the Air Rescurces Board by Saction 43014
of the Health and Safety Code which allows it to issue permits for the testing
of experimental motor vehicle Pollution control devices installed in used
motor vehicles, or for the testing of experimental and Prototype motor
vehicles which appear to have very low emission Characteristics; and

Pursuant to the authority vested in the undersigned by Section 39515 and
Section 319516 of the Health and Safety Code and Executive Order G-45-9(3) (k);

IT IS ORDERED AND RESOLVED: That Cummins Engine Company, Inec. having applied
for a permit for experimental testing be granted this permit for emission and
performance testing of one (1) propane gas bus engine.

Cummins Engine Company, Inc. shall keep a copy ©of this permit in the glove
compartment of the following vehicle:
Vehicle MY Hake/VIN Engine MY Model = .
1993 Bluebird Q Bus 1998 BS.9-230G 45265227

1BAGEBSASRF061098

Cummins Engine Company, Inc. shall maintain a record of the wehicla including
the specific test program. This record shall be maintained for the duration

. 0f the test program and made available at reascnable times to the Air
Rescurces Board.

This permit is wvalid for one year from the date of signature. At the
expiration of this permit, the vehicle must ke rebuilt to California-certified
configuration or be shipped out of California.

Executed at Rl Monte, California this ?/day of December 199&.

———

Lt

n Kowalski, Chies
rtification Branch
Mobile Source Operations Division



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON, D.C. 20460

1937 MODEL YEAR
HEAVY-DUTY LOW EMISSION VEHICLE
CERTIFICATE OF CONFORMITY
WITH THE CLEAN AIR ACT OF 1970 ISSUED TO:

CUMMINS-NGE (MHDD) -97- 34
FACTURER CERTIFICATE NUMBER
September S5, 1997
Cheglfer J. France, Director. EPCD EFFECTIVE DATE
OFFICE OF MOBILE SOURCES

DATE ISSUED: September 8, 1597

Pursuant to Section 206 of the Clean Air Act (42 U.s.cC.
88, this certificate of conformity is hereby issued with
which have been found to conform the requirements of these regulations on Control of
Air Pollution from New Motor Vehicles and New Motor Engines (40 CFR Parts 86 and
88)and which represent the following motor vehicle engines, by engine family, more
fully described in the application of the above named manufacturer:

7525) and 40 CFR Parts 86 ancd
respect to the test engines

HEAVY DUTY (MEDIUM-HEAVY) NATURAL GAS FAMILY :VCE359D1CAAC (493F)

This certificate of conformity cov

ers only those new motor vehicle light heavy-duty
natural gas engines which conform,

in all material respects, to the design

period stated on this certificate of the said manufacturer, as defined in 40 CFR Parts
86 and 88. This certificate of conformity does not cover vehicles imported prior to
the effective date of the certificate.

It is a term of this certificate that the manufacturer shall consent to all
inspections described in 40 CFR B86.096-7, 86.606, and 86.1006 and authorized in a
warrant or court order. Failure to comply with requirements of such a warrant or
court order may lead to revocation or suspension of this certificate for reascns
specified in 40 CFR Part 86 including 40 CFR B86.095-30,
ab initio as specified in 86.096-7.
certificate may be revoked or suspend
specified in
86,2012

or render the certificate voigd
It is also a term of this certificate that this
ed or rendered void ab initio for other reasomns
40 CFR Part 86, including 40 CFR 86.095-30, 86.512, 86.096-7, and

This certificate does not cover wvehicles or engines sold, ofZfered for sale, or
i

ntroduced, or delivered for inctroduction, into commerce in the U.S. prior teo the
effective date of the certificare.



UNITED STATZS ENYIRONMENTAIL PROTECTION AGENCY
WASHINGTON, D.C. 20460

1558 MODEL YEAR
HRAVY-DUTY LOW EMISSION VEHICLE
CERTIFICATE OF CONFORMITY
WITH THE CLRAN AIR ACT OF 1970 IZSUED TG:

/

z55/fiG24R_compncy, Tuc CEX-NGE (MHDD) -98-32
W CERTIFICATE NUMBER
7
chofter J. |Prance. Director, SPCD

EPFECTIVE DATE

QFFICE OF MOBILE SOURCES

DAtk ISSUEJ:

Purauant tg
88, this ¢
which repr
dcacribed i

HEAVY DUTY

This certi]
gas engines
applied o
and 88 and
certillcats

]

Dacambar 3, 1997

Bection 206 of the Clean Air Act (42 U.S.C. 7525) and 40 CFR Payts 86 and
ztificate of conformity is hereby issued with respect to the test engines
sent the following motor vehiale engines, by engine family, more fully

n the application of tha above named manufacrurer:

(MBDIDM-HEAVY) NATURAL GAS FAMILY:WCEXHO3SSBAL (493F)

icate of confermity covers only those new motor vehicle heavy-duty natural
which conform, in all material zespects, to the designm specifications that
those engines described in the documentation requivred by 40 CFR Parts 86

which are produced duxing the model year production period mtated on this
of the said manufacturcr, ac defined in 40 C¥R Parts B6 and HR. This

certificat
of the cer

It i8 a e
iﬂsper_'t:ion
WACYant or
court orde
gpecifiad

ab initio

carcificat
apecified

86.1012.

This cexti
introduced

of conformity does not cover vehicles imported prior to the effective date
ificate.

of this certificate that the manufacturer shall consent to all

described in 40 CFR B6.096-7, B6.6806, and 86.1006 arxd authorized in a
court order. Failure to comply with requirements of such a warrant or

may lead to revocation or suspension of this cerrificate for reagoms
n 40 CFR Faxt 86 includipng 40 CFR 86.085-30, or render the certifisate wvoid
8 specified in 86.096-7, It is 8lsc a term of this certificate that cthis
may be revckad or sugpandad or readered veid ab initic for other reasons
n 40 CFR Part 86, including 40 CFR 36.095-30, B6.512, 86.056-7, and

icate doee not cover vehicles or engines sold, offered for sale, or
or delivered for introduction, into cocmmerce in the U.S. prior to the

2ffective date gof the certificaza.




(Page 1 of 2
State of California
AIR RESOURCES BOARD

EXECUTIVE ORDER A-21-201

Relating to Certification of New Heavy-Duty Motor Vehicle Engines

CUMMINS ENGINE COMPANY, INC.

Fuel Type: Liquefied Petroleum Gas (LPG)

Exhaust Emission Control
Engine Family iters Cubic Inches Systems and Special Features

WCEXHO359RAT, 5.9 (359) Charge Air Cooler
(493F) Turbocharger
Powertrain control Module
Heated Oxygen Sensor
Oxidation Catalytic converter

The following are the certification exhaust emission standards for
this engine family in grams per brake—horsepower-hour:

Total Carbon Nitrogen
Hydrocarbons Monoxide Oxides Particulates
b . | ‘ 15.5 2.5 0.10

The following are the certification exhaust emission values for this

engine family in grams per brake-horsepower-hour:

Total . Carbon Nitrogen
Hyvdrocarbons Monoxide Oxides Particulates
0.8 1.0 253 0.0%

BE IT FURTHER RESOLVED: That for the listeq engine models, the
manufacturer has submitted the materials to demonstrate certification
compliance with the Board's emission control SYstem warranty
Provisions (Title 13, california code of Regulations, Section 2035 et
seq.).



BE IT FURTHER RESOLVED: That the listed engine models are certirfiea
to the optional lower-emission NOx standards pursuant to the
California Code of Regulations, Title 13, Section 1956.8(a) (1) and +:
incorporated "cCalifornia Exhaust Em1551on Standards and Test
Procedures for 1985 and Subsequent Model Heavy-Duty Diesel Engines a-
Vehicles", adopted April 8, 1985, as last amended June 29, 1995.

Engines certified under this Executive Order must conform to all
applicable California emission regulations.

The Bureau of Automotive Repair will be notified by copy of thls ords
and attachments.
A
17

Executed at El1 Monte, California this of February 1598.

R. B. Summerfield, Chief
Mobile Source Operations Division




The ADEPT Group, Inc.

NREL Subcontract No. AAS-7-16609-02 under Prime Contract No. DE-AC36-83CH10093
"Cummins Engine Co. B5.9 Propane Engine Development, Certification, and Demonstration Project"
Subcontractor: The ADEPT Group, Inc.; Lower-Tier Subcontractor: Cummins Engine Co.
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<<t iow floor buses from North American Bus Industries are

*ng added (¢ VIA Metropolitan Transit's fleat in San Antonio, Texas.

/Sar

1o System To Add

<63 New Vehicles by 2002

SN ANTONIO, TEXAS—VIA Mewropolitan
Transit has approved the purchase of 283 new
accessible low floor buses to be delivered
sctween 1999 and 2002: 66 propane-powered
30-foot buses from Champion Motor Coach
wd 217 diesel-powered 40-foot buses from
North American Bus Industries.

Of the $69.1 million 101al cost for the rwo
s contructs, federal grants will provide
355.3 million. The purchace, the lurgest bus
yocurement since VIA was established in
1978, was made 1o help make the system more
iwccessible and 10 modemize the fleer.

Once all the new buses are delivered, 60 per-
ent of VIA's fleet will be accessible—a sub-
tuntinl improvement from the currént 6 pereent.

Low floor buses do not need sieps at the
loor because the floor is at approximately the
ame height as the street curb; the buses will
e equipped with 2 ramp w the front door to
dlow wheelchair access, Topether, these fea-
ures are expected to make boarding the bus
nuch quicker and easier for wheelchair users
nd other riders who have trouble climbing
1eps.

Doug Peck, VIA's director of vehicle main-
cnance. said both ergonomics und economics
~vere factors in the choice of low floor vehi-
sles. “Customers from other transit companies
ave really liked the low floor feature, which
tso happens to be much more economical
han other styles,” he said,

Because of the proximity to the curb level,
ow floor buses eliminate the need for a lift 1o
wcommodate some passengers. The hydraulic
amp and i1s conuols are conveniently posi-
ioned in the front, allowing the operator to
12ve 3 g00d view of the bourding process and
15313t pussengers when necessary.

The bus acquisitions will complement
“LA’s other efforts 10 build an accessible sys-
em for all passengers. including persons with
lsabllittes.

The system is developing 2 new fixed route
i fidérship truining program 1o provide per-

onx with disabilities and the elderly with the
Lills necessary to ride the bus. The program
vill include hanas-on Instruction on how 1o
e the bus to work, medical facilities, or
tther destinations. In addition, VIA will have
pecially trained “Transit Amhassadors”
vatlable 10 work one-on-one with people 1o

help them overcome obstacles that might have
discournged them from riding the bus.

While VIA currently opcrates paratransit
service 10 provide transportation for persans
with disabilitics. riding the regular bus routes
offers more flexibility and convenience for
passengers. The new buses will allow the sys-
tem 1o increuse the number of accessible bus
routes.

“Through these innovative programs and
with these new buses, we will be able 1w uffer
people with disabilities more options,” said
VIA Generul Munager John Milam.

Modemnizing the uging flect was another
priority for VIA: 107 of the system’s buses
have been in operation since the lute 1970s,
The new buses will replace pant of VIA's ulder
fleeL [n fact, VIA plans 0 retire 329 older
buses, vans, and strectcars by the year 2002,
By the end of 2002, ths average uge of the Meat
will be reduced from 14.86 years in 1998 (o
7.99 years.

“The fact that we've been operating some
of these vehicles for so Tong is cenwinly u trib-
ute Lo the manufacturers and our employees in
muintenance and operations,” Peck suid. “But
now it’s time to upgrade our flect with the lui-
est technology and advanced accessibility
solutions.”

The new vehicles also are expacted to
improve VIA's impact on the environment
and further demonstrate the agency’s commit-
ment to the use of alternative fuels. The new

30-foot buses, equipped with the Cummins

BS.YLPG low emissions vehicle propane

—enpiag,_will join the 209 prupanc-powered

vehicles currently in VIA's fleet. In addition,
the system plans to convert all 20 of its down-
town streetcurs (o propane by 1999,

While the Cummins 3 liter diecel
cnginc on the new 40-foot buses is not LEV-
certified. it is required to meet the 1998 Envi-
ronmental Protection Agency urban transit
bus emissions standards.

V1A is scheduled 1o receive gll 66 of the
30-foot buses and the first 80 of the 40-foot
buses in 1999 Eighty of the 40-foot buses will
be delivered hetween 2000 and 2001, with the
remaining 57 buses slaed for delivery in
2002. Al that time, the agency is expected 1o
have 2 1ol of 502 buses and 20 streetears in
aperation.

El Nino Doesn't . INK Ce
Thanks to Advance Pla

Working with Amtrak

San CarLos, CaLtk.—Caltrain reports that
advance planning has helped 10 keep service
on the commuter railroad on track despite this
winter's Bl Nifio-related storms.

When wlk of EI Nifo escalared last sum-
mer, Calirain and its contract operator,
Amurak, closely inspecied the entire Caltrain-
owned right of way, 5! miles from San Fran.
cisco to San Jose,

Rail staff detcrmined a liwje prevention
would go a long way in maintaining the com-
muter rail service. on which 27,000 riders
depend each weckday.

“Good drainage is the key 1o a successful
ruilroad,” said Caltrain Maintenance of Way
Manager Mark Hennessy. To keep the rails

flood- ana debris-free.
additional porable pum)
problem wrea~. Caltruin
BEnEraiors, 10 opsrate the
event of a power outage.

During last vear'y g0
right of way fell ucrass
passengers. This veur, 1o,
trimmed irees batween
wood City und removed
lyptus trees in Burlinse
branches could damage
lines required for safc my

Rail erews continue du
trucks and surrounding r:
Loot,

"By preparing for the
vented it,” suid Henness)
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New Pasadena Bus Drives Rose Parade Route Every Day

ome lucky bus drivers in Pasadena.

Calif. get to drive a propane-tueled
bus up and down much of the parade
route for the “Grandaddy™ of all
parades. the Rose Parade. On parade
every day as part of the city’s trans-
portation services. the propane-fueled
Bluebird bus with a Cummins B5.9
LPG engine is one of several buses
used on two routes. to provide free bus
transportation.

The artistically decorated buses are
part of the city’s efforts to help get cit-
izens out of their cars and reduce the
number ot vehicles on city streets. Stu-
dents in the city’s schools entered a
contest to design the decoration for the
buses. The designs that were chosen
were then enlarged and placed on the
buses. Most of the bus fleet currently
runs on diesel. Two propane-fueled
models are part of an 18-month
demonstration project to determine if
the alternative fuel is cost effective and
works efficiently.

The first bus was converted at the
end of 1996. Cummins changed the
diesel engine to its propane model at

the manufacturer’s Southern Calitornia
facility. The new fuel tanks were also
imstalled at that time. The bus. which is
called “the Rose Parade bus™ by the
City's transit office. experienced a tew
minor operation problems in the begin-
ning. Since then, according to the city
ransit office. it has been operating
consistently and smoothly along the
13-mile route. The other route is 6
miles long. A second bus was to be
vonverted at the end of May and be in
operation shortly afterward.

The “Peace Bus"

According w0 Steve Moore of
Mutual Propane (Gardena, Calif)). the
first bus was taken to the nearby
Cummins facility to change the engine,
add the two Manchester propane tanks,
and make sure the vehicle was working
properly. The bus has a manifolded
fuel supply, an 80-gal. tank and a 35-
gal. tank. For the second bus, Cum-
mins was expected to replace the diesel
engine at its facilities and Mutual
would then add the tanks at its Gardena
plant. The second bus is called “the

Peace bus™ and is decorated with
numerous symbols representing peace
to different cultures.

When not in operation. the buses are
stored at the Laidlaw bus facility in
Pasadena with the other citv transit
vehicles. Laidlaw. a company that
offers bus and transit services to cities
and other organizations, is managing
the fleet for the city. Mutual installed
an 1150-gal. tank and refueling equip-
ment for the buses at a city storage site
near the Laidlaw facility and close 1o
their routes. The buses can be filled at
about 12-15 gpm. Mutual said installa-
tion of the refueling site was one of the
more difficult aspects of the project
because the city required a lot of paper-
work to be filled out as part of the per-
mit process. Luckily. the city's transit
department was helpful in handling
much of the paperwork.

According to Diane Kotto of the city
transit office, one of the propane-
fueled models will be on display at this
vear’s Clean Cities Conference, which
will be held in Long Beach. Calif,,
June 24-27, il

HSH' IS THE SINGLE QUALITY SOURCE

Celebrating 45 years of service to the propane gas industry, 1951-1996

Truck Bodies

Trucks, trailers,
tank storage
cabinets

time and money.

Truck Bodies — We design our truck bedies with your field
service work in mind. Transport, service or deliver cylinders
and other awkward loads anywhere. Large or small, custom
or standard. steel or aluminum, H&H offers a large choice of
options, inciuding in-bed lift platforms, electric or hydraulic
cranes, grated or diamond plated flooring, and more.

Trailers — Our Smooth-Rider™ bulk tank trailers are built to

make moving tanks a breeze. They cushion the load with
rubber torsion axles. One person can ogerate these trailers

40

CR324 Gas Grill
Tank Storage Cabinet

FOR ALL OF YOUR GAS HANDLING NEEDS

H&H can meet ail of your gas
handling needs. We build our
gas handling equipment know-
ing you need and expect qual-
ity and performance. H&H
buildsitallin, You'll reduce labor, increase safety, and save

HG

Smooth-Rider Trailer
Pat. No. 4,023,694

with your choice of options: hydraulic hoist, dual-cable top-
mount or side mount electric winch, or hand winch.

Tank storage cabinets — Our rugged Cylinder-Stor cabi-
nets are built for secure outside storage of cylinders, giving
you better inventory control and bigger profits. Single- and
double-section modeis are furnished with keyed padiocks,
tamper-proof padiock hasps, reinforced back panels, and
bolt-down features for complete security and safety.

Talk — Call H&H today: B00-551-9341,

"SALES
COMPANY, INC.

d/b/a H&H EcLroment Co. P

(Circle 64 on Reader's Service Card)

CUSTOM TRUCK BODIES AND MANUFACTURING

16339 Lima Ra., PO. Box 686
Phone: 213-337-3177 . 800-5£1.3341  FAX 219.537-6880

~untertown. IN 467438-0686
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The $5 million Sourhern Califarnia Ozone Fuel cells combine hvdrogen and oxygen to
Study (SCOS97) canducced during che summer produce eleccricity, emicting only water Vapor.
of 1997 will help wich those .= AQMDs Technology
planning efforts. AQMD was Advuncement Otfice (TAQ)

LAME: T I

a major participant in the Celit el has been a major proponent
- . . - P SR ) )

effore, which used laser lighe Sstudiesife and contributar in the

beamns, aircraft and balloons to ¢ Ty

Y . . e
gacher data. The study N since the late 1980s.

provided a wealch of ' » ’ In 1997, the

& develupment of fuel cells

- . -~ 2 - o
informanion to determine how (roverning Board approved

smaog rravels from one region 42 centraces for fuel cells

to anocher and will help . ' o v and orher clean fuel

predict when the region will oo HeTLL LAY technologies totaling $5
achieve clean air. B e R million. Cost-sharing from

B s L

=y .- ..V...--;‘..h-‘--

ocher agencies and privace
fiems will boost the value of the projects to $17.1

Health News
Two healch studies sponsored by AQMD

million.
and reporred in 1997 found dramaric links Milestones of TAQ-sponsored projects in 1997
berween ozone and particulace pollution in inieliid-

Souchern California and hospitalizations, m Complerion of three fuel cell-powered

utilicy vehicles -- the only ones in daily use in che
world -- in the City of Palm Deserc:

® Building of an affordable electric car
prototype with detailed plans on how it could be
mass-produced in Califarnia;

emergency room visits and premarcure deachs.
The studies are significant because they paired
detailed daily air qualicy data in che Southland
with local hospiral records.

One study surveyed hospital records of
more than 1.6 million Kaiser Permanente
patients. The results suggest that each 10
microgram increase in the coarse fraccion of
PMq is associated wich a 7% increase in

® Completion of a one-year scudy
demonstrating that professional “wer cleaning™ of
- garments with soap and wacer is a viable substitutc
for dry cleaning, which uses rhe toxic chemical

hospital admissions for chronic respiracory perchlorocchylene;

disease -- cwice the rate reported in ocher areas
of che councry.

A second scudy found chat a 10
microgram increase in PM, 4 in the Coachella
Villey was associated with a 2.5% increase in

M Development of a new locomortive engine
design using liquid nacural gas fuel char curs
nitrogen oxide ¢emissions by 75% and virtually
eliminates soot.

The technology
emergency room visits for pneumonia and a 15 will be

mncrease in deachs. demonscrated in

4 the near future in a m
Clean Fuel Technologies .
_ y N

- , Mecrolink crain;
AQMD launched its Technalagy

: Rt and
Advancement Office in 1988 to promate the
development of advanced clean fuel
rechnologies. 1 ;
Clean fuel technologies cook a giane leap - S s
forward in 1997 with major automakers AQME co-ponsored e eral wgmificar: clean fuel pregezes i 1997
: H niseiing ibe Pasadera A ! hulile i thai cine s 2o
pledging nearly $1 billion toward research and ncizaling ihe Pasad e &y Hus. a shutile i thai ciny s zownown
. . areq zowvred by a saarree propane engine.
development of fuel cell-powered electric

automabiles,
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m Producrion
of the first

medium-dury

!
!
propanc ¢ni:ne G

QU

certified to meec

Two year (FY97-98 and FY 98-99) program budget:

$29,500.000 B

]

;

. . H

low emission |
]

¥

standards &y the

: 4 Contracts awarded/funds committed in calendar year 1997:

13001680 |

Cahfnr:}i:l Alr

R T

Resnurces Board.

MSRC Programs

In 1997, the Mobiic Source Air Pallution
Reduction Review Commicrae (MSR()
awarded $1 2 million in contraces to co-fund
zero- and virra-low-cmission vehicles,
rransparration management and local
government air quality programs. MSRC is an
independent encity whose projeces are approved
by AQMD’s Governing Board. Since 1995,
MSRC’s "Quick Charge” program has been
instrumencal in putting more than 300 electric
vehicles on Southland sereets and insealling
more chan 400 electric vehicle charging
stacions.

Permitting Activity W

1995 1996

1997

B Permics to Operate 3 Permits (o Construct

Permit Streamlining
AQMD seaff took several steps in 1997 o
streamline permic processing, including:

B Simplifying permic applications, resulting

in 30% fewer filing crrocs;

B Stream!lining applications for maujor sources

in Title V. the new federal operating permit
program: and

< RS

B Maincaining derailed permit applicarion
instructions acd downloadable forms on
AQMD’s Websice. Businesses can cven submit
applications for some commonly used
equipment over the Incerner,

Bur the region's rebounding economy,
more complex federal permicting requirements
and a smaller AQMD workforce caused a small
but worrisome increase in the permit backlog
by year's end. AQMD plans to reallocace scaff
to permic processing and pursue addirional
permit streamlining in 1998 to reduce chat

backlog.

Business Assistance

During 1997, AQMD's Office of Public
Affairs Business Assiscance Group engaged in
several activities o help firms comply wich aic
quality regulations, including:

W Assisting officials ac an Encenmann's
Bakery facility in Montebello, who were
contemplaring a cost-saving move to Cencral
California, co instead modernize their

Speakers Bureau
Presentations: 216

Outreach events and

cenferences !

LN
w
: nﬂ&ﬁ

Communrty and business <
cutreach meeungs: 145 =
cheign dignitanes hosted:
24 wisitors 0 32 delegations
. representng 2C courtnes
Small business assistance
cusicmers assited: 1,822
3
%
PR R & P .«% T, "
T LA - i ‘4.-.-
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